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Conclusions: In conclusion, we would like to stress the importance of
stem design based on femur morphology, especially in Asians. The
cementless stem design was crucial especially at the metaphyseal
region which provided initial ﬁxation stability. In addition, a universal
stem of variable size is not the only option available to the peculiar
morphology of the Asian population. We hope that this new design
process framework will shorten the design cycle, and help researchers
to design better femoral stems by identifying the major steps which
must be taken and providing anthropometric datasets that could be
used as guidelines. The use of accurate three dimensional models
obtained frommorphological analysis and ﬁnite element analysis could
be used as preclinical assessment tools to mimic the actual optimal
conditions, of stem geometry, and to rectify any problems prior to
fabrication.
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Purpose: The cutting edge technology used in three dimensional
reverse engineering helps to produce an accurate implant which is well
suited to the actual morphology of the bone. In this study, a cementless
femoral stem was fabricated that not only optimally ﬁts and ﬁlls the
medullary canal, but also reduces the cost of the implant itself. The
performance of nonlinear ﬁnite element analysis was used to predict
the outcome and to rectify design ﬂaws, allowing for the development
of a prototype cementless stem and the fabrication of this stem using
investment casting techniques.Methods: The cementless femoral stem was designed to optimally ﬁt
and ﬁll the endosteal canal. A nonlinear ﬁnite element analysis was
conducted to predict the outcome of the early stage after the surgery
according to the standard protocol of virtual implantation. After
designing the stem based on the morphology analysis, we performed
ﬁnite element analysis using Marc.Mentat software. The material
properties of the cementless femoral stem were assigned as 316L
stainless steel with a Young’s Modulus of 200 GPa and a Poisson’s ratio
of 0.3. We proposed a new investment casting technique that may
decrease the existing cost and time consumed during the fabrication
process of the cementless femoral stem. The implant’s prototype was
converted from three dimensional stereo lithographic formats into sli-
ces 0.085 mm thick using a rapid prototype machine. The silicone
rubber compounds for high - low temperature potting, encapsulating
and sealing were used as the mould. The investment casting process
commenced by injecting the melted wax into the silicone rubber
compound mould producing the implant’s casting which are called
patterns. These patterns were then attached (wax welded) to another
three parts; (1) pouring cup, (2) sprue and (3) riser. The more general
method which uses the central sprue to produce the wax patterns was
not utilized, resulting in reducing the amount of molten 316L stainless
steel to be used later and decreasing the fabrication cost. The pattern is
invested into the ceramic slurry, a mixture of 25% colloidal silica and
zirconia sand. Using coarser aluminum silicate sand, a six layer shell is
formed before it is ﬁnally dipped into the ceramic slurry to seal it. The
316L stainless steel is heated in an induction furnace at 1600C. The
molten metal is poured through the pouring cup into the shell by using
the standard gravity and pouring method. After two hours cooling, the
shell is knocked out and other parts are removed using a metal saw
blade. The prototype is subsequently sand blasted using 2.0 bar, 180 mm
silicon carbide mesh using a blasting machine. The prototype surface
roughness is measured using hybrid surface contour machine.Figure 1. Fabrication process of hip implant using investment casting
technique.
Results: We found that the maximum stress was 66.88 MPa at the
proximal region and minimum stress was 7.75 x 10-12 Pa at distal
region. In addition, the maximum value for micromotion was 4.73 mm,
and displacement of 6.47 mm. The surface roughness of the cementless
femoral stem was shown to be 7.287 mm proximally, and 1.613 mm
distally.
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displacement.
Figure 3. Measurement of surface roughness.
Conclusions:Wewould like to reemphasize themethodical investment
casting technique using 316L stainless steel in the fabrication of
cementless femoral stems which would reduce cost without endan-
gering the implant’s superiority. Three dimensional morphology anal-
ysis and ﬁnite element analysis assisted the researchers and
orthopaedic surgeons to predict an early result and to correct the
problems at the femoral stem design stage. This newly designed fem-
oral stem is more particularly suited to Asian’s, preventing geometrical
mismatch and enhancing better ﬁxation within the femora endosteal
canal which may contribute to a longer implant lifetime.
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Purpose: Stress distribution and micromotion are generally validated
in-vitro using ﬁnite element analysis (FEA). This study proposed the
applications of feature extraction and pattern recognition using support
vector machine (SVM) to determine the primary stability of the implant.
This method eradicate numerous preset parameters used in FEA, saving
computational cost and produced high percentage of accuracy in
determined the primary stability.
Methods: The experiment was performed to validate the ﬁnite element
analysis towards stress distribution and micromotion. The femur was
loaded at the center of the femoral stem ball using an advancedmaterial
testing system machine, and the cyclic axial loading was set from 0 to
2000 N using 5 kN load cell for 50 cycles. The methodology for micro-
motion and strain signal acquisition and data segmentation were dis-
cussed including the use of thirteen time domain features such as
integrated micromotion/strain (INT), kurtosis (KUR), mean absolute
value (MAV), maximum peak value (MPV), mean value (MV), root mean
square (RMS), skewness (SQ), slope sign changes (SSC), simple squareintegral (SSI), standard deviation (STD), variance (VAR), Willison
amplitude (WAMP), and waveform length (WL). The support vector
machine (SVM) with polynomial kernel was used to classify the
micromotion and strain distributionwhich called time domain feature -
support vector machine (TDF - SVM). The time domain features were
excerpted from every 500 seconds of interface micromotion and strain
signal, and subsequently fed into a classiﬁer. The SVM parameters were
adjusted and threefold (micromotion) / fourfold (strain) random cross
validation were employed for assessment purposes and to prevent over
ﬁtting throughout classiﬁcation. The classes for micromotion study are
divided into high peak, transition and stabilize, while the strain study
was divided based on tri-axial rosettes position (A, B, C, and D). The
active features were randomly permutated preceding training to facil-
itate classiﬁer training. Subsequently, 70% of the data were fed to SVM
classiﬁers for training and 30% for testing in SVM.
Results: Three interfacemicromotion classes (high peak, transitions and
stable) were well discriminated in several time domain features such as
the INT, MAV, MPV, MV, RMS, and SSI. These time domain features
employed direct application of the interface micromotion signal, xi
either for mean, maximum, absolute or square root which resulted in
excellent classes separation between high peak, transition and stabilize.
Six features (INT, MAV, MAX, MV, RMS, and SSI) had more than 95 %
classiﬁcation accuracy, while KUR feature demonstrated the worst with
24.44 %. The results using the SVM classiﬁcation demonstrated the
similar pattern of time domain features. On the other hand, four strain
classes (A, B, C, and D) were well discriminated in several time domains
such as the INT, MAV, MPV, MV, RMS, SQ, STD and WL. These time
domains employed direct application of the strain signal, xi either for
mean, maximum, absolute or square root which resulted in excellent
feature separation between A, B, C, and D. From the ﬁgure, these time
domains discriminated mostly the distally located rosettes (B and D) at
the top and medial from vertical axis ( 32), and proximally located
rosettes (A and C) on horizontal ( 31) and 45  ( 3 ) axes. Eight features
(MAV, MPV, MV, RMS, SQ, SSI, STD and WL) had 100 % classiﬁcation
accuracy, while WAMP feature demonstrated the worst with 25 %.
Figure 1. Micromotion (a) Experimental testing (b) Finite Element Analysis
(c) Digital Signal Processing.
